A number of studies have emphasized the effects of rainfall movement on runoff 7 simulation; nevertheless, due to the lack of rain gauges inside sub-basins, a method using a 8 hyetograph of the nearest gauges to a sub-basin is usually employed. This study investigated 9 the negative effects of neglecting rainfall movement on overland simulation results in even a 10 middle-sized basin. Simulations were carried out under two conditions: (1) stationary 11 conditions where the nearest gauge hyetograph was used and rainfall movement was ignored, 12 which is quite common in case of a lack of data; (2) moving conditions where a shifted 13 hyetograph based on hyetograph timing recorded in the basin was used. The simulation 14 results were compared with the measured discharge at the outlets. The results revealed that 15 using the shifted hyetograph, which could consider the rainfall movement over sub-basins, 16 decreased the mismatches between the simulated and observed hydrograph. In some of the 17 cases, the shifted hyetograph reduced the relative difference more than 20%. 
Introduction

19
Since the first reports in the 1960s (Maksimov, 1964: Yen and Chow 1969) emphasized that 20 higher peak flows are generated whenever the precipitation moves from upstream toward 21 downstream, and conversely, rainfalls passing from down to upstream result in a rounded 22 hydrograph, a great deal of research has investigated the effects of rainfall movement on the 23 shape of the runoff hydrograph in the past half century. Most studies (Ngirane et al., 1985;  24 Singh, 1997 Singh, , 1998 have applied mathematical approaches to obtain a better understanding of 25 the effects of storm speed and direction characteristics on the hydrograph shape. Their results 26 showed that hyetograph characteristics, such as rainfall pattern, duration, intensity, direction 27 and speed, significantly affected the hydrograph shape. Some researchers (Singh, 1998; 28 Mizumura, 2011) adopted a kinematic wave equation to model the hydrograph in the case of (De Lima et al. 2002) Ogden et al. (1995) showed that the runoff 49 hydrograph was more sensitive to storm speed than direction in two-dimensional basin 50 topography. Base on Manning's equation, the peak maximum occurred when the storm 51 moved toward downstream at a critical speed equalling half the flow velocity.
52
Although there is well-known background on the effects of moving storms on overland 53 flow generation, most of the interest has focused on laboratory experiments (Singh, 1997 (Singh, , 54 1998 De Lima et al. 2002 , 2003 or mathematical approaches (Costabile, 2012; Kim and Seo 55 2013; Saghafian et al., 1995 , Ogden et al., 1995 . These studies emphasized the effects of 
69
The basin is divided into 7 sub-basins (B1 to B7), based on the river branches and 70 topographic futures. Fig. 1 shows the Barandoozchay map and hydrometeorological gauges.
71
This mountainous basin is mostly covered by grasslands, followed by farmland and orchard As the first step, the total daily rainfall of each sub-basin was estimated using Kriging 91 and IDW (Inverse Distance Weighted) methods, based on the rain gauges inside the basin. hyetograph was selected based on daily rainfall amounts in stations and sub-basins.
100
Calculate the ratio of total rainfall in a sub-basin to the total daily rainfall recorded in the 101 selected station with the best hyetograph.
102
Multiply the calculated ratio to the best hyetograph to obtain hourly rainfalls of a sub- 
128
(4) The previously derived hyetograph was shifted as its gravity centre conformed to the 129 TGCH of each sub-basin centroid (Fig. 7) .
130
[ Fig. 5 After the calibration and validation, the simulations were carried out for all events using where the P O and P S are observed and simulated peak discharge respectively. The gravity centre coordinate of each sub-basin is used in the equations to calculate the 167 TGCH for the sub-basin centroid of each event. Fig. 9 shows how the sub-basin hyetograph is 168 shifted to obtain the TGCH for the event on April 3 rd , 2003. The measured TGCH at the 169 gauges and the calculated TGCH for sub-basins are shown in Table 4 .
170
[ Fig. 9 is here]
171
[ Table 4 is here] Table 5 .
182
[ Table 5 is here] studies, which showed the impacts of cloud motion on hydrographs by using rainfall 212 simulators at different laboratory scales (Sing, 1997 (Sing, , 1998 de Lima and Singh, 2002; de 213 Lima et al., 2003; Marzen, 2015) or the kinematic wave method (Mizumura, 2011) .
214
The results of this study also revealed that longer rainfalls are less affected by cloud 215 movement. In other words, for rapid and short rains, the runoff hydrograph is more strongly 216 affected by cloud movement speed and direction. These results were consistent with the 217 findings of previous studies (de Lima and Singh, 2002; Khalighi, 2009; Dae-Hong Kim, 2013) 
